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ABSTRACT 


The  0.155-inch  B -66  sheet  processed  in  the  preceding  report  period 
was  further  processed  to  final  gage,  0.050  inch.  The  yield  of 
frca  extrusion  billet  coupares  favorably  with  yields  for  other  colua- 
bltai  alloys  which  are  generally  less  difficult  to  fabricate .  Sheet 
flatness  was  excellent  end  was  3«l£»  aaxinua.  Gage  unlforalty  was 
good,  and  MB  specifications  were  generally  net;  additional  work  is 
indicated  to  produce  l/2  MB  tolerances  in  the  alloy.  The  IB-85 
ingot,  6-3/8- inches  in  disaster  and  weighing  303  pounds,  was  readily 
forged  to  2-5/8- inch  thick  slab  and  a  high  yield  of  aaterlal  is 
expected  froa  this  operation. 


I.  INTRODUCTION 


This,  the  second  interim  report  unuer  Contract  If  6<X)(l9)-595^6*  describes 
tbe  work  conducted  during  the  third,  fourth,  and  fifth  contract  months. 
During  tbe  first  reporting  period  a  6-inch  diameter,  250-pound  ingot  of 
B-66  (Cb-5Mo-5V-12r)  was  processed  to  0.155-inch  thick  sheet. 

Under  similar  contracts,  Meetinghouse  and  Fansteel  Metallurgical  Corpor¬ 
ation  are  to  prepare  two  ingots  of  B-66  and  two  of  FS-85  (Cb-2TBs-10M-lZr), 
respectively.  An  ingot  of  each  alloy  is  to  be  exchanged  between  the  con¬ 
tractors  for  rolling  to  sheet  (O.Oko  -  0.060  inch  thick  and  18  inches  wide) 
for  evaluations  of  mechanical  properties  end  weldability*  The  dates  of 
initiation  of  the  two  contracts  were  such  that,  at  the  end  of  the  first 
report  period,  the  only  material  being  processed  was  the  250-pound  B-66 
ingot  at  Meetinghouse. 
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II.  PROGRESS  DUPING  REPORT  PERIOD 

A.  B-66 

At  the  end  of  the  first  report  period,  heat  0K-602  had  been  processed 
to  0. 155-inch  thick  sheet  and  was  in  four  pieces,  each  weighing  yS  - 
38  pounds.  The  total  available  weight  at  this  point  was  ikf  pounds, 
for  a  yield  of  5 9}  from  extrusion  billet. 

Bolling  fron  0.500  inch  down  to  O.I65  inch  had  been  acco^lished  fron 
2150*F,  and  0.010  inch  was  pickled  fron  the  sheet  thickness  to  renown 
coutaninated  netal.  The  following  data  show  that  hydrogen  wee  Min¬ 
ted  ned  at  a  low  level  and  that  oxygen  cootanl  nation  oust  base  been 
United  to  a  very  shallow  surface  layer. 

Condition 

As-rolled  and  sand  blasted 
0.00k"  pickled  fron  ^uge 
0.010”  pickled  fron  gauge 

The  analyses  also  indicate  that  heating  In  a  dynsnlc  atnosphere  of 
argon  is  an  effective  naans  of  preventing  content  nation  and,  further, 
that  B-66  will  not  be  particularly  conteninated  by  a  short-tins  exposure 
to  air  at  2150  *F. 

Since  all  colnhblia  alloys  scale  freely  at  the  rolling  ts^s  returns 
used  in  this  work,  it  was  expected  that  loose  particles  of  scale  would 
produce  an  irregular  surface  pattern  on  the  as-rolled  sheet  surfaces. 
Such  surface  conditions  were  actually  obtained,  end  to  prodnoe  unlforn 
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surfaces . attespte  were  sade  to  belt  grind  tbe  sheets  on  a  mil  If 
pinch-roll  nachine.  DX-602  B1  vu  ground  using  80-grlt  silicon 
carbide  cloth-bached  belts  under  a  full  flow  of  a  vuter-soUble 
coolant.  Sixty-grit  belts  were  evaluated  and  discarded  sines  they 
produced  areas  on  the  sheet  in  which  grind  lines  were  objectionably 
deep.  Tbe  life  of  the  belts  was  extreaely  short;  the  silicon  carbide 
grains  were  alnost  completely  rounded  off  after  four  peeeee  across 
the  sheet.  In  addition,  the  renewed  natal  dogged  the  belt,  farther 
contributing  to  poor  bolt  efficiency.  Approximately  10  nils  per  side 
were  ground  fron  DZ-6CS  Bl,  and  it  was  observed  that  the  sheet  edgss 
were  ground  acre  rapidly  then  tbe  central  portions  of  the  sheet. 

Cones  qpently,  edge -to- center  crown  was  increased  tram  10  mils  at 
0.155-inch  thick  to  20  alls  at  0.135-inch  thick. 

Be  view  of  the  results  of  grinding  It  was  decided  to  cold  roll  about 
50£  to  0.000-inch  thick  to  plsnleh  the  sheet  surfaces,  day  defects 
could  safely  be  spot  conditioned  at  this  pup  and  the  final  redaction 
fros  0.000  Inch  to  0.050  inch  was  Judyd  sufficiently  large  to  ranovn 
any  traces  of  spot  conditioning.  The  ends  of  each  sheet  wore,  there¬ 
fore,  heated  to  k50*P  and  rolled  down  to  0.090  Inch  prior  to  attaching 
leaders.  The  sheets  were  then  heated  under  parti  laps  to  %50^  and 
rolled  under  tension  on  s  8"  x  30*  x  2k "  four-high  sill.  The  pMs 
schedules  used  and  the  results  of  this  rolling  are  shown  In  TMbla  1. 

The  resultant  surfaces  ware  la  very  good  condition  and  essentially 
all  of  the  irre polar  pattern  present  in  the  hot  rolled  sheets  was 
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TABL2  I 


First  Cold  Rolling  of  B-66 


Steet 

Starting  0— e 

Fmi  So. 

win  Mactioa 

Qtmm 

SK-602B 

0.160 

1 

TO* 

2 

15 

0.150 

3 

— 

k 

25 

0.120 

5 

25 

6 

10 

0.095 

7 

10 

0.083 

ik-6o2bi 

0.135 

1 

90* 

0.120 

2 

15 

0.105 

3 

15 

0.090 

k 

10 

0.080 

nx-6cer 

0.150 

1 

85* 

2 

20 

0.117 

3 

20 

0.105 

k 

10 

0.095 

5 

10 

0.082 

nx-6oen 

0.165 

1 

75* 

2 

20 

0.1*0 

3 

20 

k 

20 

0.110 

*  Includes  O.OkO"  for  clastic  defaraotloa  of  Bill  cospa 

nents 

Sheet 

BeM. 

DX-602B 

Rolled  well. 

flood  sarfeoe 

DX-60EB1 

One  end  crock) 

•d  sad  was  sheared 

off.  Ipd  rolled  down  for  aev 
leader  and  rolling  continued. 

Good  sarfeoe. 

nx-6cer 

Rolled  well. 

flood  sarfeoe 

nx-6oen 

Slight  edge  cracking  neoeesltafeed 
stopping  at  0J10" .  flood  sarfeoe, 
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eliminated.  Hand  conditioning  vas  limited  to  one  or  two  email  areas 
on  each  sheet  and  DX-602  T1  vas  trimmed  slightly  to  remove  the  edge 
cracks.  The  sheets  vere  then  waned  to  bOO*F  and  rolled  on  the  same 
mill  as  before.  Data  for  this  operation  are  in  Table  2.  Surface 
quality  and  shape  were  generally  good  except  for  DX-602  B1  which 
partially  cobbled  when  one  end  of  the  sheet  fractured.  This  sheet 
also  contains  numerous  small  mill  marks.  It  is  likely  that  the 
difficulties  encountered  during  both  rollings  of  DX-602  B1  resulted 
from  the  uneven  profile  developed  during  belt  grinding. 

The  leaders  were  then  removed  from  the  sheets  and  the  sheet  ends 
sheared  to  remove  the  areas  where  leaders  bad  been  welded.  Samples 
of  as-rolled  material  were  then  wrapped  in  tantalum  foil  and  vacuum 
annealed  in  a  laboratory  furnace  at  100**  intervals.  Matallographic 
observations  and  hardness  tests  yielded  the  following  data: 


Condition 

Hardness,  DPH* 

Hmmm  rto 

as  rolled 

333 

1700**  (1  hour) 

2Q3 

1000**  (1  hour) 

260 

He  crystallisation 

1900**  (1  hour) 

beginning 

22b 

QOJt  recrystallised 

2000**  (1  hour) 

2b9 

90Jl  re  crystallised 

2100**  (1  hour) 

233 

10 00  recrystallised 

2200**  (1  hour) 

230 

2300**  (1  hour) 

221 

2b00**  (1  hour) 

215 

2900**  (1  hour 

22b 

2600**  (1  hour) 

228 

Average  of  five  l^ressl< 
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TABLE  II 


Second.  Cold  Rolling  of  B -66 


Sheet 

Starting  Gauge 

Pass  Bo. 

NULL  Reduction 

Gaii£. 

nx-6cen 

0.110 

1 

0.060* 

0.110 

2 

0.020 

0.10$ 

3 

0.010 

0.09$ 

4 

0.010 

0.063 

5 

0.00$ 

0.070 

6 

0.00$ 

0.06$ 

7 

0.010 

0.0S7 

8 

0.00$ 

0.032 

dx-6ost 

0.000 

1 

0.100* 

0.068 

2 

0.013 

0.061 

3 

0.000 

0.034 

4 

0.000 

0.032 

5 

0.000 

0.048 

DX-6C2B 

O.O83 

1 

0.100* 

0.07$ 

2 

0.00$ 

0.070 

3 

0.000 

0.063 

4 

0.000 

0.063 

5 

0.00$ 

0.054 

6 

0.003 

0.0$2 

Dx-6oeBi 

0.080 

1 

0.100* 

0.073 

2 

0.00$ 

0.06$ 

3 

0.00$ 

O.O63 

4 

0.000 

0.0$7 

5 

0.000 

O.036 

6 

0.000 

0.0$3 

7 

0.002 

0.051 

*  Includes  0.030"  for  elastic  defamation  of  aill  components 


All  sbeeta  rolled  well  except  EK-602B1  on  which  an  end  broke  and  sheet 
partially  cobbled.  DX-60&B1  was  sheared  and  new  leader  attached;  resulting 
sheet  is  not  as  flat  as  others  and  contains  nil!  narks. 
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The  sheet  had  been  rolled  beljv  Its  recrystallization  temperature , 
from  0.300  inch  to  0.050  inch,  which  explains  the  relatively  low 
recrystallization  teaperature  of  the  final  product.  Ite  simple 
annealed  at  1900 *F  has  low  hardness  and  is  recrystallised  to  an 
abnormally  high  degree.  A  malfunction  of  the  laboratory  furnace  is 
suspected  and  a  repeat  sample  has  been  scheduled. 

Bach  sheet  was  degreased  and  vacuum  annealed  in  a  cold  vail  furnace 
at  less  than  0.1  micron  pressure.  Sheets  T  and  B1  were  stress 
relieved  far  one  hour  at  1000 °F  while  sheets  T1  and  B  were  recrys¬ 
tallised  at  2500*P. 

The  sheets  were  then  roller-leveled,  trimmed  to  the  best  else  of 
usable  material,  inspected,  and  test  cut  according  to  a  prearranged 
plan.  Final  yields  were  as  follows: 


get 

Total  Length,  in. 

WeUbt,  lbs 

T 

120-lA 

32 

T1 

90-lA 

28 

B1 

84-lA 

27 

B 

91-1/2 

J2_ 

Total  usable  weight 

116 

Yield  fron  extrusion  billet 

k6.kf 

With  the  exception  of  sheet  T,  virtually  all  the  material  vaa  10 
inches  vide  or  wider  (aaxlmua  width  was  20  inches ).  The  length 
of  10-inch  or  wider  notarial  far  sheet  T  was  75  inches,  and  this 
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was  the  expected  consequence  of  n  crack  which  developed  during  one 
of  the  forging  operations.  The  final  yield  of  46.b}l  compares  favorably 
with  the  anticipated  yield  of  49£. 

Gauge  variation  and  flatness  are  recorded  in  the  table  below. 


Gage  at  Cage  at 


Sheet 

Flatness,  % 

Sides,  in. 

Crown,  in. 

T 

3.1 

0.047*  -  0.051 

0.048**  _  0.051 

T1 

2.6 

0.050  -  0.053 

0.053  -  0.055 

HI 

3.0 

0.050  -  0.053 

0.052  -  0.058 

B 

2.6 

0.049  -  0.051 

0.052  -  0.055 

*  0.046"  at  narrow  (16-3A")  end 
**  0.047"  narrow  (16-3A")  en^ 

Flatness  was  very  good  for  all  sheets  and  3$  flatness  was  alaoet 
universally  met.  Sheet  Bl,  which  partially  cobbled  during  cold 
rolling,  had  a  wavy  shape  after  levelling,  but  no  area  had  worse 
than  3%  flatness.  The  AMS  2242  gage  tolerance  of  +  0.005  was  met 
except  for  one  comer  on  sheet  B,  the  narrow  end  of  sheet  T,  and 
in  the  crown  of  sheet  B1  which  had  0.020- inch  crown  after  belt 
grinding. 

Test  .'oupons  were  cut  from  the  sheets  far  the  evaluation  program 
outlined  in  the  first  quarterly  report.  The  locations  of  the  samples 
for  each  sheet  are  shown  in  Figures  1-3*  The  evaluations  are  in 
progress  and  the  results  will  be  presented  and  discussed  in  the  final 
report  under  this  contract.  Test  samples  and  procedures  conform  to 
those  recommended  in  Materials  Advisory  Report  MAB-192-M. 
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B.  FS-85 


A  303 -pound,  6-3/8-inch  diameter,  25-inch  long.  Ingot  was  received 
from  Fans  tee  1  Metallurgical  Corporation.  The  ingot  vas  reported  to 
be  ultras onically  sound  and  to  have  been  turned  to  a  surface  finish 
of  500  rms.  The  chemical  analysis  reported  by  Fansteel  is  shown  in 
Table  III.  The  ingot  chemistry  is  well  within  specification  Ilaits. 
Check  analyses  will  be  run  on  samples  from  the  forged  billets,  in  a 
manner  similar  to  that  reported  for  the  extruded  billets  of  B-66  in 
the  first  quarterly  report. 

The  ingot  was  cut  into  two  150-pound  forging  billets  which  were  sub¬ 
sequently  heated  for  25  minutes  in  argon  to  2420 *F  (1325 *C)  and  side 
forged  on  flat  dies  to  the  sizes  indicated  below.  This  was  accom¬ 
plished  without  reheating. 

Forged  Size, 

Bar  Thickness  x  Width  x  Length,  in. 

T  2-7/8  x  8  x  17-lA 

B  2-3/8  x  10  x  16-1/4 

The  B  billet  was  forged  first,  and  some  edge  checking  occurred  during 
the  latter  stages  when  the  piece  was  being  spread  out  to  10  inches* 
Consequently,  it  was  decided  to  stop  forging  on  the  T  billet  at  a 
greater  thickness,  and  then  condition  and  refarge  both  T  and  B  to 
1-1/2  inches  thick  prior  to  annealing.  In  general,  the  forging  of 
FS-85  was  easily  accomplished;  in  fact  it  appears  likely  that  lower 
forging  teaperatures  can  be  used  without  impairing  the  fabricabillty 
of  the  alloy. 
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III.  F177UR3  WORK 


As  processing  for  the  B-66  alloy  uas  been  completed,  the  reealnlng  work 
consists  of  the  ee chan leal  property  and  welding  evaluations  listed  in 
the  first  quarterly  report.  This  work  is  In  progress  and  results  should 
be  available  shortly. 

The  PS-85  Material  is  being  conditioned  and  will  be  reforged  to  1-1/2 
Inches  thick  prior  to  recrystal  1 1  ration.  Final  processing  and  evaluation 
of  the  sheet  sate  rial  will  follow  the  outline  presented  in  the  first 
quarterly  report. 
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A  -  Bend 

B  -  Boob  Heap.  Tone  He 
C  -  Bend  Transition 


D  -  Ctanlstry 
K  -  2000**  Tensile 
F  -  Stress  Rupture 

Figure  1  -  Locating  of  Tsst  Coupons  for  BX-602  T  and  DX-602  Bl 

(stress  rupture  sheets) 
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A  -  Bead  S  -  2000 *F  Tensile 
B  -  Roan  Tenp.  Tensile  F  -  2400*F  Tensile 
C  -  Bend  Transition  G  -  Stress  Rupture 
D  -  Cbenlstry  H  -  Welding 


Location  of  Test  Coupons  for  IK-602  T1  (recrystallised) 
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Flgure  2 


D  -  Gtaeaistry 
E  -  2000 *F  7b 08 lie 
F  -  2400*F  7a os  lie 


A  -  Bend 

B  -  Roae  Temp.  Tensile 
C  -  Bend  Transition 


Figure  3  -  Location  of  Test  Coupons  for  DX-602  B  (re crystallised) 


-14- 


DISTOIBUTICIt  LIST 


1.  Defense  Metals  Information  Center,  Battelle  Memorial  Institute, 

505  King  Avenue,  Columbus  1,  Ohio  -  Attn:  H.  R.  Ogden 

2.  Dr.  Robert  I.  Jaffee,  Department  of  Metallurgy,  Battelle  Memorial 
Institute,  505  King  Avenue,  Columbus  1,  Ohio 

3«  Mr.  Louis  P.  Jahnke,  Manager,  Metallurgical  Engineering,  Applied 
Research  Operation,  Flight  Propulsion  Laboratory  Department, 

General  Electric  Company,  Cincinnati  15,  Ohio 

4.  Mr.  Alan  V.  Levy,  Department  Bead,  Materials  Research  &  Development 
Dept.  (46lO),  Solid  Rocket  Plant,  Aerojet  General  Corporation, 

Sacramento,  California 

5.  Mr.  Roger  A.  Perkins,  Research  Scientist,  Metallurgy  and  Ceramics 
(53-56),  Lockheed  Aircraft  Corporation,  Missiles  and  Space  Div., 
Sunnyvale,  California 

6.  Mr.  L.  M.  Raring,  Chief,  Metallurgical  A  Chemical  laboratories, 

Pratt  A  Whitney  Aircraft,  Connecticut  Aircraft  lAiclear  Lab., 

P.0.  Bax  6ll,  Middletown,  Connecticut 

7*  Dr.  Wm.  Roe taker.  Metals  Res.  Dept. ,  Illinois  Institute  of  Technology 
Research  Foundation,  Technology  Center,  10  West  35  St. ,  Chicago  1 6,  Til. 

8.  Dr.  L.  L.  Seigle,  Manager,  Metallurgical  Laboratory,  General  Telephone 
and  Electronics  Labs.,  Inc.,  P.0.  Bax  59,  Bayside,  Rev  York 

9.  Mr.  John  T.  Stacy,  Senior  Group  Engineer,  Boeing  Airplane  Ccapany, 
Aero-Space  Division,  P.0.  Box  3707,  Seattle  24,  Washington 

10.  Mr.  G.  Mervlc  Ault,  Assistant  Chief,  Materials  A  Structure  Division, 

Lewis  Research  Center,  National  Aeronautics  A  Space  Administration, 

21000  Brookpart  Road,  Cleveland  35,  Ohio 

11.  Mr.  George  Glenn,  Manufacturing  Technology  Lab.,  Aeronautical  Systems 
Division,  Air  Farce  Systems  Command,  Wrlgbt-Patterson  Air  Force  Base, 

Ohio 

12.  Mr.  S.  V.  Arnold,  Associate  Director,  Army  Materials  Research  Agency, 
Watertown,  Massachusetts 

13*  Mr.  J.  Simeons ,  Division  of  Reactor  Development,  Atomic  Energy  Commission, 
Washington  25,  D.  C. 

14.  Mr.  I.  Perlmutter  (ASRCMP-2),  Metals  A  Ceramics  lab..  Aeronautical  Systems 
Division,  Air  Force  Systems  Cc—nnrt,  Wrlgbt-Patterson  Air  Fores  Bam, 

Ohio 


15 


.  Dr.  J.  R.  lane.  Materials  Advisory  Board,  National  Academy  of  Sciences, 

2101  Constitution  Avenue,  N.W,,  Washington  25,  D.  C. 

1 6.  Dr.  A.  B.  Michael,  Fansteel  Metallurgical  Corp. ,  2200  Sheridan  Road, 

North  Chicago,  Illinois 

17.  Vah  Chang  Corp.,  P.0.  Booc  366;  Albany,  Oregon 

18.  Dr.  E.  M.  Mahla,  Technical  Assistant  to  the  Director  of  Metal  Products, 
Plgaents  Dept.,  E.  I.  du  Pont  de  Nemours  &  Co.,  Wllulngton  98,  Delaware 

19.  Union  Carbide  Stellite  Co. ,  Kokomo,  Indiana 

20.  Stauffer  Metals  Division,  Stauffer  Chemical  Co.,  1201  S.  47th  Street, 
Richmond  4,  California 

21.  Climax  Molybdenum  Co.  of  Michigan,  14410  Woodrow  Wilson,  Detroit  38; 
Michigan 

22.  Thompson  Ramo  Wooldridge,  Inc.,  23555  Euclid  Avenue,  Cleveland,  Ohio 

23.  Oak  Ridge  National  Laboratory,  P.0.  Box  X,  Oak  Ridge,  Tennessee 

24.  The  Pfaudler  Company,  Rochester  3,  New  York 

25.  Naval  Research  Laboratory,  Washington  25,  D.  C.,  Attn:  Dr.  B.  F.  Brown 

26.  McDonnell  Aircraft  Corp.,  Bax  516,  St.  Louis  66,  Missouri,  Attn: 

Mr.  R.  Repper 

27.  E.  I.  DuPont  de  Nemours  &  Co.,  Metals  Plant,  Curtis  Bay,  Baltimore,  Ml. 

28.  Dyna-Soar  Project  Office,  Aeronautical  Systems  Division,  Air  Force 
Systems  Cceunri,  Wright  -Patterson  Air  Farce  Base,  Ohio 

29-30.  Scientific  and  Technical  Information  Facilities,  Attn:  MSA  Representative 
(SAK/dl-664),  P.0.  Bax  5700,  Bethesda,  Maryland  (2  copies) 

31-33.  National  Aeronautics  A  Space  Administration,  1520  H.  Street,  Washington 
25,  D.  C.  (3  copies) 

34-45 .  Armed  Services  Technical  Information  Agency,  Arlington  Hall  Station, 

Arlington,  Virginia  (for  distribution  without  restructlon)  (12  copies) 

46-52 .  Bureau  of  Naval  Weapons,  Department  of  the  Navy,  Washington  25,  D.  C. 

Attn:  DU-3  (1  copy),  RMP-23  (1  copy),  RRMA-23  (remaining  copies) 


